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Nuclear hyperfine i onin EPR ¢ transit | |

Interaction of unpaired e (or hole) with nuclear spin of transition metal ion and

magnetic nuclei of ligands

S-A-I+>8-Ay-I,->H-B,
N' N'

magnetic all
nuclei on magnetic
ligands nuclei
N\ e o\ ) - ~ J
nuclear nuclear nuclear
hyperfine superhyperfine Zeeman
interaction  interaction interaction
Example
7'/'
b =
# A,j \,;,A/ - //N\\V;& H —
o Cu (I""?,L o
[ - N NH
7 SN _
o / Y N
% ), H L
[=3/2 I=1 I=172; I=1/2;1=1/2
N J
B Y v
_ Coupling of electron hole - coupling of electron hole or
or spin to Cu nucleus spin to ligand magnetic nuclei _

—» nuclear hyperfine interaction =~ —superhyperfine interaction



F lear hyperfine inferacti

S-A-T-w-H
Since  fv=gi/Al, where gi= nuclear g-value

eh
2M ¢

[

By = nuclear Bohr magneton =

Can rewrite as

S-A-T-gAH T=-gip(f+H) T

where  giAHe=-S-A

Ax Ay Ax
or glﬁN( Hex Hey Hez)=—( S‘x S,y S;z Ayx Ayy Ayz
Ax Azy Az

can refer to He as the magnetic field produced by spinning electron at transition

metal nucleus.

Pick symmetric D,, complex

A ="A "tensor or nuclei hyperfine tensor

Ax 0 0 AL 0 0
= |0 Ay 0 |=|0 Ar 0
0 0 Az) (0 0 A,

Then gIBN( Hex Hcy Hez) ﬂ SxAL SyA.L' SLAH )

@



So total magnetic field experienced by magnetic nucleus is given by

- A.LSx ’Hy ) A.L' Sy ,Hy B A“Sz
gy gy gipn

(H

and the effective Hamiltonian for the problem because

gL 0 0 Sx
BH« Hy H:)| 0 gr 0]|Sy| +
0 O gll Sz
Ix
(A1Sx- giBnHx, A xSy - giBnHy, A, Sz - gifnHz) | Iy
I
(DE lied i« field along z-axi

H,=0,H,=0,H~=H,

Hamiltonian = BHOg"Sz + AJ.SxIx. + Al Sny + A“SZIZ - gIBNHOIz

If S and T are both quantized along H,

S<8§,>=4%1/2 <I,>=m,
<S>=0 <I>=0
<§,>=0 <[[>=0

Energy = BHog ms+ A msmu - gifnHomu

&)



EPR Selectionrule Ams=+1, Ami=0

hV = BHOgIl + A"I'HI

(2) Eor applied magnetic field along x-axis

H, = H,, H, =0, H,=0

Hamiltonian = BHOgLSx + A1SuIx + A_L'Sny + AnSzz — gIBNHOIx

Energy = PBHogums+ Aimsmu— gif~xHomu

and EPR transition occur at

|hv =BHog. + Army

Return to Cu (II) complexes

Y
2 Cu isotopes: %Cu 69.09% 1=3/2 7.1088

“Cu 30.91% 1=3/2 7.6104

Therefore observed powder spectrum is a superposition of eight powder sub-spectra,
one for each of the m,’s for the two Cu isotopes. But g;’s for the two Cu isotopes
differ by <10%. So for all practical purposes, can interpret the observed spectrum as a

superposition of four “power sub-spectra”.

@)



Expected spectrum sum of following 4 subspectras:

2 e e
T
;! l .‘zﬁ"
g
f(r_/ — 4
| f
L it
| — ! _
(b il #o
1 -
ik .
P
| ?I!l i'il r Hy
mlt Ti——
AfA-_T m ¢
) ‘;‘1'
K
73

m=-3/2

ml='1/2

m=+1/2

m=+3/2

A, A <O

m~=+3/2

m=+1/2

m=-1/2

I have assumed that A, and A. are of the same sign, but that need not by the case.
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Experiments ( Data take from Solomon’s review in Chem. Reviews )

B
+  w,
AP
i
1 xy
= oA
-y
2
BPH-S + AIS
A>o
E

164x 10*em™
H—
Fi 1. Ligand- - i i i
. gﬁﬁdd . glni:gn!éeld theory and ground-stata electronic properties of normal cupric complexes: (A) square planar Dy-CuCLY; (B)

EPR spectrum of th

Observed

Predicted

reduced
g-values.
due to

covalency

g,=2221, g.=2.040

of d arbitals in Dy, symmetry; (C) *Byg ground-stata Zeeman and hyperfine splitting di
o By, ground state; (E) By, ground-s ) tphare S6

diagram; (D ttern
state wave function from adjusted-sphere SCF-Xa-SW a)lm:!n.p‘

[(a) ligand-field (no covalent delocalization of metal d-orbitals onto

ligand valence orbitals

g,=2.743, g1=2.177

(b) Self-consistent field X, scattered wave (SCF- X,-SW)

g =2.144, g1=2.034

D
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Figure 4. X-ray structurs of the copper coordination environment

of oxidized pr:glu plastocyanin at 1.6-A resolution.® The g

orientation was determined from singls-crystal EPR spectros-

copy.®
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Figure 3. Unique spectral features of blue copper proteins: Part A shows the low-temperaturs (LT) absarption spectrum of p i

lastocyanin,
The dashed lines indicate Gaussian band deconvolution of tha spectrum. Assignments of bands 1-8 wers determined from LT-absorption

and LT-MCD
plastocyanin,

Observed

spectroscopies. Part B shows the EPR spectrum of spinach plastocyanin, and C, the LTMCD spectrum of spinach

The dotted portion of the spectrum is estimated from the NIR-LT-MCD spectrum of azurin (see ref 26). The featurs
marked with an asterisk (*) is due to a small amount of heme impurity. Part D shows the EPR spectrum of stellacyanin,

(for blue copper site in plastocyanin)
gy =2.226, g1=2.053

(for blue copper site in stellacyanin)
g, =2287,g,=2.077,¢g,=2.018

rhombic!
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Und i o lear hyperfine | :

There are 2 contributions to A
4 Fermi- . on. i)
al-S  wherea= —8;gs[3g1|3ul(p(0]2
J

where ¢(0) = value of wavefunction of unpaired electron at nucleus.

direct: S-electrons

indirect : spin polarization of inner S-shell such that o, (0)= o°, (0)

3
I

fis -3;1N B 3(ﬁs-fr)5(f i) _ —gngIBN(I S TISXf : s)]

r

If expand dot-products
using Cartesian
coordinates X, Y, Z

2 _ 2 2 ) 2 X
- gSBgIBN{SXIx<r 53X >+ Sny<r 533’ >+ SzIz<r 532 >}
I I :

Where < > denote averaging over the wavefunction describing the electron spin

= TuSxlx + Tnyny + TS .



For Cu (II) complex, with the unpaired ¢ in “d,, ., “orbital

A
W\
A

L o2
2
Simple to show that, in this case,
Ta=T ——lT
XX yy 2 2z
2 _ .2
and T=<0 - [la., zIr > jdz Jdr>0
x*-y T x*-y

A turns out to be negative as well because unpaired € is in d,._,. orbital,

which has a node at Cu nucleus. Only way for a#0 is to have spin polarization of

inner s-shells by dxz—yz electron.

Thus

Au =a+Tz<0
1
A_L=a+Txx=a—‘2—Tzzz0
<0 >0
CuCL*: |A|=164x10" cm’

_ =164x10"* x3x10"°Hz

=492MHz

= % Gauss = 175 Gauss (A, should be < 0)

IA.LI small

(2)



